Laboratory investigations at all stages of the life cycle are now revealing new and fundamental features of fern biology. These contribute to our understanding of basic characteristics common to all or most plants and of the interactions of ferns with their environments in the wild.
The term 'Pteridophyta' tends to be no longer favoured by those interested in classification. Nevertheless, it remains useful, and has the advantage that almost all, specialist and non-specialist alike, have a fairly clear idea of the plants to which it refers. The most numerous Pteridophyta are the ferns, with some 12,000 living species, followed by Selaginella with about 600. At the other extreme are the Psilotales and Equisetales, each with about 20 species. The ferns have probably attracted attention longer and more extensively than other Pteridophyta. They were clearly recognised by the early Greek naturalists as unusual land plants, quite different from other herbaceous forms (Hort 1916) . Many years were to pass before their distinctive features, including the animal-like nature of their reproduction, began to be revealed, and the significance of these features understood. Fittingly, one of the first accounts, albeit imperfect, of the fern life cycle was made in 1794 by John Lindsay of Edinburgh. Subsequently came Naegeli's observation of the spermatozoids of homosporous ferns (1844) and Leszczyc-Suminski's description of fertilisation in Pteris (1848). These two papers, which excited wonder and even disbelief at the time of their publication, mark the beginnings of the recognition of phasic alternation in the life cycles of land plants. It fell to Hofmeister (1851) to demonstrate the homologies between the life cycles of spore-bearing and seed-bearing archegoniates, and ultimately the relationship of archegoniate reproduction to the nonarchegoniate reproduction of the flowering plants became apparent.
The feature of the Pteridophyta which makes them so outstanding amongst all land plants is their undoubted antiquity. Many of the first colonists of land were probably archegoniates, and many of these became recognisable as pteridophytes in a wide sense. Their subsequent 400 million years or more of existence are not to be scorned. It follows that the clues to much of our understanding of land plants as a whole, their evolution, development, physiology, and cell biology, will be found in a study of the available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0269727000007879 living and extinct Pteridophyta. Over-preoccupation with the flowering plants is undoubtedly unwise if the investigator is concerned with fundamental aspects of growth and development, even in such fashionable areas as plant genetic engineering and cell-to-cell interaction. Antiquity of course also brings its problems. Are, for example, the tannins and phenols which abound in many pteriodophytes, and which probably deter predators, relics of a primitive kind of metabolism, or are they defences which have evolved over millions of years?
There are encouraging signs that the potential of the Pteridophyta as an area of research is now being recognised. The extent of current activity is shown by the contents of this symposium volume. Most aspects of pteridophyte biology from spore to sporogenesis are touched upon, and the excellence of the Pteridophyta for penetrating study of problems of wide interest from the physiological to the ecological and taxonomic is revealed. The physiology of spore germination, for example, involves the interaction of light and other physical factors with metabolites and genes, a complicated enough system, but one in which significant advances in knowledge are being made. The study of the causal features in the life cycle is now well established, and has been facilitated by the possibility of growing both phases of the cycle in pure culture, and even of defining conditions in which change from one phase to another will take place without change in chromosome number. Following the happy elimination of a number of red herrings, the significant features of the switch from gametophyte to sporophyte are now becoming clear, as also are those of the converse, normally associated with sporogenesis. The results of current research, some of which are described in the following papers, have already thrown considerable doubt on conclusions drawn from the study of flowering plants alone (Bell 1981) .
The initiation of the male phase of the gametophyte in relation to the female, and the nature of outbreeding strategies in the pteridophytes, raise complex problems of the interaction of environment and genotype. We have to be particularly cautious about extrapolating from laboratory cultures to the situation in the field, a point well shown by the recent work of Rubin and Paolillo (1983) . The differentiation of the male gametes offers for investigation problems of a different nature, such as the biochemical factors controlling an ordered sequence of transcription and translation, and the mechanical and cytoskeletal processes by which a cell, initially more or less spherical, is transformed into a helix. Particularly exciting in this area are the new techniques utilising fluorescent and gold-labelled antibodies, enabling us now to locate, within the differentiating spermatocyte, the accumulations of unpolymerised and polymerised tubulin, and basal body proteins. The detection of unpolymerised tubulin in one of the layers of the multilayered structure of the Pteridium spermatozoid is only the beginning of the revelation of the molecular architecture of this remarkable organelle. Not only is the multilayered structure common, so far as is known, to all pteridophyte male gametes, but it also bears a striking resemblance to a fiagellar root structure found in the motile phases of Coleochaete-like algae. If close molecular similarity can also be demonstrated, the evolutionary significance will be profound.
The Pteridophyta have much to offer besides life cycles and sexual reproduction.
Introduction spore characteristics. Also considered are the economic uses of ferns, from the comestible to the function of the Azolla-Anaebena complex as a solar-powered nitrogen fixer. The heterosporous ferns are also featured. Megasporogenesis, involving (for example, in Marsilea) the regular abortion of three meiotic products in each tetrad, is an altogether arcane phenomenon. Current research gives no support to the notion that such a precise system could have evolved progressively from anisosporous and heterothallic situations of the kind found in Platyzoma, and less prominently in Equisetum and elsewhere. Looking to the future, the continued study of the Pteridophyta is likely to make a major contribution in several areas of Botany. Starting with the more utilitarian aspects, the possible improvement of the nitrogen-fixing ability of the AzollaAnabaena complex comes immediately to mind, and with it the prospect of increasing the yield of that all-important crop, rice. More speculative perhaps is the prospect of the annual harvest of Pteridium, which usually rots on our hills and commons, being subjected to anaerobic fermentation and producing substantial quantities of methanol. At the cellular level, the readiness with which protoplasts are prepared from the gametophytic phase, an advantage denied to those working with angiosperms, facilitates studies of genetic transformation. Even at the level of molecular structure, ferns are currently performing a useful service. The paired microtubules of the Marsilea axoneme lack the outer dynein arm. In this, they resemble the microtubules of the cilia lining the respiratory tract of those suffering from Kartegener's syndrome. The penetrating study of the Marsilea axoneme and its dynein binding sites now being undertaken by my colleague Hyams may ultimately help to resolve a distressing human condition.
Turning to the less applied aspects of our science, we can certainly expect that continued research with the Pteridophyta will lead to the firm identification of the causal factors in the life cycle of land plants, and their resolution in terms of gene activation. It will also lead certainly to an understanding of centrioles, and of the manner in which the genetic programme responsible for the motile apparatus of the male gamete is realised, and possibly to a clearer picture of the phytochrome system and of the manner in which the quality of light is able to influence the nature of cellular metabolism.
Giving the imagination freer range, there are two other fields where attention to the Pteridophyta could well be profitable. The first concerns somatic differentiation. Beautifully symmetrical steles and the well defined meristeles of many fern stems seems to offer material ideal for the detailed study of xylogenesis, a central problem in the land plants. To become even more speculative, why is it that secondary thickening fails to occur in the stem of Equisetum whereas it arose regularly in Calamitesi Are the genes responsible for cambial activity still present, but dormant, in the living representatives of the Order? A little judicious genetic engineering might lead to a modern Calamites. To recreate a plant of the past may no longer be complete fantasy.
My second foray into the unknown brings me to a topic which is currently the subject of lively debate, namely the origin of incompatibility systems in the flowering plants. It is significant that in the Pteridophyta, wherever gametophytic tissue is in contact with sporophytic, the apposed cells develop thickened and frequently labyrinthine walls. A good example is seen around the foot of the young sporophyte. 'transfer cells'. The term is unfortunate: firstly it arose as a mistranslation of the German Uebergangszelle, and secondly there is no convincing evidence that such cells are specialised for transfer (Menon and Bell 1981) . On the contrary, we know that in Pteridium potentially informational molecules are unable to pass from gametophyte to sporophyte, and in this respect the gametophyte/sporophyte interface is an effective barrier (Bell 1961) . The questions raised in the enquiring mind by the singular aspect of the cells at this site are principally those of cause. What is the nature of the stimulus which perturbs cell development in such a way that the wall thickens in this labyrinthine fashion? It seems very likely that in this instance the stimulus derives from an interaction of gametophyte and sporophyte, and is comparable to an allergy. How does this relate to flowering plant incompatibility? Some years ago Dickinson in my laboratory discovered that in incompatible pollinations in Raphanus, the tip of the pollen tube excites an analogous reaction in the apposed stigmatic papilla (Dickinson and Lewis 1973) . It seems to me very unlikely that incompatibility systems in flowering plants are a wholly new phenomenon; it is much more likely that they are an adaptation of a gametophyte-sporophyte antagonism with a long history in land plants. This of course is speculation, but it will have served its purpose if it stimulates research into the cell physiology which is responsible for the laying down of labyrinthine walls at gametophyte/sporophyte interfaces, and if the minds of those studying them are cleansed of the fog of teleology. An ideal site for the study of these walls and the reactions which give rise to them is the foot of the pteridophyte embryo.
I suspect this Symposium will generate lasting enthusiasm, and the study of the Pteridophyta will again become one of the liveliest and most influential areas in the science of botany. The meretricious appeal of the flowering plants will pale before the sterling worth of the pteridophytes as a source of significant knowledge relevant to the land plants as a whole.
